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2 Claims 

This invention relates to improvements in trays 
for vapor-liquid contacting toners and more 
particularly to an Improved bubble cap structure for 
such trays. 

Bubble tray towers have great Importance In vapor- 
liquld contacting procedures such as fractional 
distillation of fluid fixtures, absorption of gases 
in liquids, and stripping of volatile components 
from liquids. The tower is used for bringing a stream 
of vapor and a stream of liquid into Intimate counter- 
current contact. 

Bubble tray towers are provided with a series of 
horizontal trays, usually equally spaced apart In the 
vertical tower. In the normal operation liquid flows 
downwardly from tray to tray and flows horizontally 
across each tray, a liquid level being maintained on 
each tray by overflow weirs. Vapor rises through 
openings or vapor passages in each tray and Is 
intimately mixed with the liquid flowing across the 
tray. In the conventional bubble cap tray, a tubular 
chimney surrounds each opening or vapor passage 
and a stationary bell-shaped cap surmounts each 
chimney. The vapor rises from below the tray through 
the chimney, is diverted downwardly by the cap and 
bubbles out under the edges of the cap. 

When the ratio of liquid to vapor is not excessive 
the conventional style bubble caps function reason- 
ably well. However, in some operations they have 
serious disadvantages. For example, when the liquid 
flow greatly exceeds the vapor flow, as may occur in 
high pressure fractionation of hydrocarbon mixtures, 
there is a serious danger of "liquid dumping" which 
is the flow of liquid under the bubble caps and down 
the column through the vapor chimneys. When this 
occurs proper vapor-liqtild contact is not obtained. 

Bubble trays have been designed with the specific 
purpose of avoiding liquid dumping. One such tray 
employs a floating plate cap over each hole in the 
tray. The periphery of the cap rests on the tray floor 
and forms a liquid seal. This type of cap is simply a 
freely floating disk, loosely enclosed within an over- 
head framework chat Units its upward movement. For 
any particular cap, when the vapor velocity is 
sufficiently high the cap is raised from the tray floor 
and vapor can nubble through the liquid on the tray. 
When the vapor velocity is low, the cap remains 
seated on the tray floor covering the hole in the tray 
and sealing against the flow of liquid downwardly 
through tne vapor passag}. 

The conventional floating plate cap type of bubble 
tray has to some extent re.lucea trie problem of liquid 
dumping in fractionating towers. However, it has not 
been entirely successful ;n this respect and, further- 
more, has other disadvantages. In tne conventional 
structure each hole or vapor passage in the tray is 
covered by a single floating cap, the cap being only 
slightly larger in arei than tne hole. When the cap 
is lifted all of the v-ioor flowing from under the cap 
flows tnrough tne one large hole. Consequently there 
is a tendency to form large buboies. Furthermore, the 


cap is easily ttltable and all of the vapor may escape 
under one side of the tilted cap. A3 a result of the 
large bubbles and the poor distribution of bubbles 
about the rim of the cap, intimate contacting of all 

5 portions of the vapor and liquid is not obtained. 
Tne conventional floating plate cap has another 
disadvantage. As we have said, this type of cap is 
enclosed by an overhead framework. Each tray has a 
large number of these frameworks extending upwardly 

10 from its surface and they provide a substantial 

resistance to liquid flow across the tray. Because of 
the flow resistance there is a substantial difference 
in liquid level or head across tne tray, the liquid 
level being much higher on the Inlet side of the tray 

15 than on the outlet side. A marked difference in liquid 
head across the tray is undesirable because, unless 
other steps are taken to prevent it, tne vapor will 
rise more readily on the side of the tray with low 
liquid level ana the entire tray surface will not be 

20 used efficiently. 

Our present invention resides in an improved 
bubble tray structure which avoids or reduces the 
problems of liquid dumping encountered with the 
conventional bell cap and chimney bubble trays, 

25 and the problems of poor liquid-vapor contact and 

excessive resistance to liquid flow that are encountered 
with the conventional floating plate cap type of tray. 
In general, the bubble trays of our invention 
comprise a substantially horizontal tray having a 

30 plurality of upwardly movable or vertically displace- 
able caps. Each cap Is mounted over a plurality 
of openings or vapor passages in the tray floor. 
Wnen no vapor flows through the openings trie rim of 
the cap rests on the tray floor surrounding tne plurality 

35 of openings and forms a seal against the flow of 
liquid into the openings. Each cap is provided with 
means extending below the tray which limits the 
lateral and vertical d isplacement of the cap. 
Wg w ill describe our invention in more detail oy 

40 referring to the drawings of which: 

Figure I is a schematic sectional view of a portion 
of a fractionating column provided with trays of our 
invention; 

Figure 2 is a plan view, partly broken aw ay, of one 
45 modification of our bubble cap assembly; 

Figure 3 is a sectional view of the bubble cap 
assembly along line XII — III of Figure 2; 

Figure 4 is a plan view, partly broken away, of a 
portion of a fractionating tray provided with another 
50 modification of our bubble cap; and 

Figure 5 is a sectional elevation along line V-V 
of Figure *.* 

In Figure 1 a portion of the fractionating tower 10 
is snown in section. The vertical tower is provided 

55 with a series of horizontal crays such as tray 12 

which are spaced apart substantially uniformly through- 
out the tower. Tray 12 is provided with an outlet weir 
14 extending across one side of the tray and an inlet 
weir 15 extending across the other side, although 

60 an inlet weir is not in all cases essential for 
maintaining a liquid level on the -tray. On the 
outlet slds of the tray a downflow apron 16 extends 
below che tray and outlet weir 14. The apron 16 and 
the wall of column 10 form a passage for the flow of 

65 liquid co the tray below. Similarly, liquid flows from 
the tray ibove tray 12 through the passage formed by 
apron 17 and the ,v all of tne fractionating column. 
This liquid flows over the weir 15, across tray 12 
and ov^r tne weir 14. Thus, a level of flowing liquid 

70 is maintained across tray 12 above tne bubble caps. 
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Tray 12 has a plurality of floating plate caps 18 
arranged In rows on the tray floor. Each of these 
caps Is mounted over a plurality of openings or 
vapor passages 20 In the tray floor. The cap 18 is 
substantially disc-shaped but has a down-turned 5 
olrcular rim 21. The rlro 21 rests flat on the surface 
of tray 12 when vapor Is not passing upwardly 
through openings 20 and entirely surrounds ail 
openings covered by the cap. The rim of the cap thus 
forms a seal against the flow of liquid Into the open- ifl 
lngs 20, 

Each of the caps 18 is provided with attaining 
spider 24 which serves as a means for limiting the 
vertical and horizontal movement of the cap and for 
stabilizing the cap against tilting. Substantially, 15 
the entire structure of the spider 24 is positioned 
below cap 18 and, as a result, the spider gives the 
least possible resistance to the flow of liquid across 
the top of tray 12. In the modification of the drawing 
the retaining spider consists of two U-shaped mem- 20 
bers Joined at their lower ends In right angled 
relationship. The vertical legs 25 of these U-shaped 
members pass through openings 20 of the tray and are 
attached at their upper ends to tne under surface of 
cap 18. The spider can be attached to the cap In 25 
any suitable manner, for example, by welds or by 
peened lugs which extend through the top of the cap, 
as shown in the drawing. The lateral arms 26 at the 
lower ends of the vertical legs 25 serve as means 
for limiting the vertical displacement of cap 18. The .30 
lateral arms 26 are spaced a substantial distance 
below the under surface of tray 12 when the rim of 
cap 18 rests on the tray floor. The cap and retaining 
spider are free to move vertically a distance equal 
to the distance between the bottom of the tray floor 35 
and the lateral arms of the spider. 

We will describe the functioning of our bubble cap 
trays in fractional distillation of fluid mixtures by 
reference to one particular tray and bubble cap 
assembly shown in the drawing. As we have 40 
indicated, liquid flows downwardly from the tray 
above tray 12 and over the inlet weir 15. A liquid 
level is formed between the weirs 14 and 15. Liquid 
moves horizontally across tray 12, flowing over weir 
14 and then down to the next lower tray 13. Vapors 45 
formed on tray 13 rise upwardly through the holes in 
tray 12. If the vapor velocity Is sufficiently high, cap 
13 is lifted from its position of rest on tray 12. The 
vapor passes through the openings under cap 18, 
then under the rim 21 of cap 18 and bubbles upwardly 50 
through the liquid which flows across tray 12. Since 
the tray floor is provided with a plurality of 
openings 20 under cap 18 the vapor flowing upwardly 
under the cap is divided into small portions flowing 
through the different openings. As a result, tne vapor 55 
passes under tne rim of cap 13 in small bubbles in 
reasonably uniform distribution arouna the rim. 

If the vapor velocity below tray 12 is not sufficient 
to force vapor upwardly through the openings In the 
tray, cap 18 remains seated on the floor of the tray. 60 
The periphery or rim 21 resting flat against the tray 
floor forms a liquid seal and prevents liquid from 
flowing under the cap and into the openings 20. 
Consequently, liquid dumping does not occur. Inti- 
mate vapor-liquid contacting Is favored by the fact 65 
that a plurality of vapor passages is provided under 
each cap of our bubble tray to divide tne stream of 
vapor into small portions and promote che formation of 
small bubbles of vapor. This is further favored by 
the fact that cap 18, wtu;n It rises, is kept, substan- 70 
£ tally horizontal by the weight of the depending 
spider. The hanging spider serves as a means to 
stabilize tne cap against tilting. Because of this 
hanging weight which gives the cap a low center of 
gravity, the cap cannot easily be tilted to release 75 


large bubbles of vapor or permit the leakage of liquid 
under the tilted rim of the cap. 

Within the scope of the invention modifications can 
be made In the structure shown In the drawing. Por 
example, In the drawing we have shown two modification 
of our apparatus with respect to the shape and number 
of openings covered by the vertically displacesbie 
cap. Figures 2 and 3 shown an advantageous form of 
the apparatus In which the cap covers a large number 
of uniformly spaced, small radial slots in the tray floor. 
Figures 4 and 5 show another modification In which 
the cap covers four circular openings. The latter 
modification has the advantage of ease of fabrication 
but is somewhat less* satisfactory in accomplishing the 
formation of small bubbles of vapor uniformly distributed 
around the cap. However, the modification of Figures 
4 and 5 is still markedly superior to the conventional 
floating piate cap tray in which the cap covers a 
single large opening in the tray floor. 

The number of. bubble cap assemblies on each tray 
can vary considerably. They should be arranged in 
rows perpendicular to the direction of fiow of liquid 
across the tray and each tray should have at least two 
rows of caps. Ordinarily many more rows would be 
provided. For hest results the rows of caps should be 
alternately 3taggered 30 that the liquid will not fiow 
in channels hetween the rows where it may not be 
contacted by vapor. 

Numerous variations in the structure of the retaining 
spiders can be made. The essential features are that 
they serve as means for limiting the vertical and 
horizontal movement of the caps and as means to pre- 
vent tne caps from tilting when the caps are raised. 
In addition, substantially ail of the spider structure 
should be below the cap so that it gives the least 
possible resistance to the flow of liquid across the 
tray. 

The structure of spider 24 shown in the drawing Is 
particularly well suited for providing stability for the 
cap 18 or, in other words, for preventing lateral 
movement and tilting of the cap. As the drawing 
shows, the spider 24 has four tegs 25. These legs 
serve as the connecting means between tne cap and 
the lateral members 26 which limit vertical movement 
of the cap. In addition, the legs, which extend through 
the vapor passages 20 and extend radially almost to 
the outer edges of the vapor passages serve as a 
means for guiding the cap in its vertical movement and 
for limiting its horizontal displacement. The spider 
shown in the drawing has four such legs. This structure 
combines stability with low weight. However, the 
spider can have any reasonable number of legs. Another 
function of the retaining spider can be to provide 
variations in cue weights of the different caps. We do 
this by using spiders of different weights under the 
different caps. The purpose is to compensate for 
differences in pressure drop across different bubble 
caps. Thus, the liquid level is higher on the liquid inlet 
side of a bubble tray than on the outlet side. Conse- 
quently, if all of the vertically displaceable bubble 
caps across the tray are Identic?.! in weight the vapor 
can escape more easily on the outlet side of the 
tray where the liquid head is less. There will then be 
a tendency for vapor to flow through only one side of 
the tray and tne tray wiLl function inefficiently. 

To avoid this with our apparatus the spiders can be 
graded in weight with heavier weights being used on 
the outlet slue of tne tray so that each bubble cap 
will require the same vapor velocity to raise it. 
Similarly, the weights of the spiders on different trays 
can be va.'ie.i it' aesired, since there is a variation in 
the pressure drop across the different trays from the 
bottom to the cop of the tower. 

Obviously u.any modifications ana variations of the 
invention *s hereinbefore set forth may be made 
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with at departing from the spirit and scope thereof 
and therefore only such limitations should be Imposed 
as are Indicated In the appended claims. 

The embodiments of the invention in which an 
exclusive property or privilege Is claimed are 5 
defined as follows: 

1. A vapor-liquld contacting apparatus comprising 
a horizontal tray having a plurality of vertically 
displaceable caps disposed thereon, each of said 

caps being mounted over a plurality of openings In 10 
Che tray floor, the rim of each cap being adapted to 
rest on the tray floor entirely surrounding the plurality 
of openings covered by said cap and forming a seal 
against the flow of liquid into said openings and 
means for stabilizing said cap and limiting its ' 15 
vertical displacement, said means being substantially 
entirely below trie top of said cap. 

2. A vapor-llquid contacting apparatus comprising 
a horizontal tray having a plurality of rows of 
vertically displaceable, disc-like caps disposed 20 
thereon, each of said caps being mounted over a 
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plurality of small openings in the tray floor, the 
rim of each cap being adapted to rest on the tray floor 
entirely surrounding the plurality of openings covered 
by said cap to form a seal against the flow of fluid 
into said openings, and means attached to the under 
surface of the top of said cap for stabilizing said cap 
and limiting its vertical and horizontal displacement, 
said means being substantially entirely below said cap 
and comprising a plurality of elongated vertical legs 
passing downwardly through openings In the tray 
covered by said cap and having at their lower ends 
lateral members spaced apart vertically from the under 
surface of said tray * hen the rim of said cap rests on 
said tray, said lateral members being adapted to 
limit vertical displacement of said cap, the surface 
of said tray being substantially unobstructed by 
structure other than said vertically displaceable 
caps. 
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